Studies were conducted to evaluate effects of weaning and subsequent heifer development treatments within two herds located in the Northern Great Plains, USA. Heifer calves from predominantly Angus Â Hereford dams were stratified within dam age and calving date (Fort Keogh Livestock and Range Research Laboratory (LARRL), Miles City, MT, USA; n¼328) and randomly assigned within study and strata to one of three weaning treatments. Heifer calves from Angus and Angus Â Simmental dams (n¼167; Judith Gap (JG), MT, USA) were stratified within breed group by age, calving date, and AI sire. Heifer calves either remained with their dams until time of normal weaning (NW; approximately 213 d of age) or were early weaned (approximately 80 d of age) onto one of two early weaning (EW) diets. Heifer calves assigned to EW treatments received one of the following diets: (1) 17.5% CP (69% RDP and 7.53 MJ/kg NEm or (2) 17.5% CP (57% RDP and 7.69 MJ/kg NEm). At the time of normal weaning, heifers from LARRL (2005 and 2006) were further divided into two heifer development (HD) diet treatments that differed only in proportion of RDP: (1) 12.5% CP (83% RDP and 6.28 MJ/kg NEm); or (2) 12.5% CP (72% RDP and 6.28 MJ/kg NEm). Heifers from JG were fed a common heifer development diet. Heifer BW at time of normal weaning revealed that EW heifers were heavier, regardless of type of protein delivered by EW treatments (Po0.10). Heifer BW at the end of the development period was greater for EW heifers at LARRL (Po0.01) and similar for JG heifers (P¼ 0.35) regardless of weaning treatment. Heifers at LARRL that received EW treatments had a greater percentage pubertal (Po0.06) from 39 to 2 d before breeding compared to NW heifers. Pregnancy rates were not influenced by early weaning or heifer development treatments at LARRL (P40.05); however, a greater percentage of EW heifers became pregnant throughout the breeding season at JG (P¼ 0.03). These experiments demonstrate early weaning is a viable option to develop and breed heifers in extensive beef production systems in the Northern Great Plains, USA. When production may be jeopardized by environmental conditions (e.g., drought), early weaning calves will not impair a heifers opportunity to be retained as replacement females as early weaned heifers have similar or greater reproductive success than heifers that are normal weaned.
Introduction
Sustainability of extensive beef production enterprises utilizing within enterprise development of replacement females are economically dependent on the reproductive success of these females. A successfully planned development strategy for replacement heifers is crucial in order to obtain timely puberty (Arije and Wiltbank, 1971; Short and Bellows, 1971; Wiltbank et al., 1966) , promote lifetime productivity and optimize milking ability (Pinney et al., 1972; Swanson, 1960) . Grings et al. (2007) concluded that heifers, when weaned at 140, 190, or 240 d of age, and subsequently developed on either constant or delayed gain management strategies can all achieve similar reproductive success. Furthermore, spring-born heifers, of similar age, weaned on fall pasture then subjected to a period of dry lot confinement had similar attainment of puberty as heifers consuming a corn silage based diet throughout the same time period in the Northern Great Plains, USA (Grings et al., 1998) . Clanton et al. (1983) concluded that producers have many options to effectively develop replacement heifers as long as necessary body weight (BW; industry standard of 65% of mature BW) that supports reproductive competency is achieved by the start of breeding. Therefore, the objectives of this study were to evaluate, growth and reproductive performance in heifer calves weaned at a younger age (approx. 80-d postpartum) and provided dietary protein differing in proportions of ruminally degradable (RDP) and undegradable protein (RUP) compared to heifers managed with their dams until a more traditional weaning age (approx. 215-d postpartum).
Material and methods

Study areas
The study was conducted in two locations in the Northern Great Plains. One site was located approximately 5 km northeast of Judith Gap (JG), MT (46141 0 N, 109145'W), USA at an average elevation of 1270 m. The second site was the USDA-ARS, Fort Keogh Livestock and Range Research Laboratory (LARRL) located approximately 1.6 km west of Miles City, MT (46122 0 N, 10515'W), USA at an average elevation of 730 m. Additional descriptions of each site are described in Waterman et al. (in press.) .
Animals, measurements and management
Early weaning
The LARRL Institutional Animal Care and Use Committee approved all animal handling procedures used in the present experiments.
Heifer calves at the JG location (2005) were from Angus and Angus Â Simmental dams. Heifer calves were stratified within breed group by dam age, calving date, and AI sire (when applicable). Heifer calves at LARRL (2005 and 2006) were from crossbred dams (predominantly Angus Â Hereford) and stratified within dam age and calving date. All heifer calves from JG and LARRL were randomly assigned within location and strata to one of (NW) or were weaned at a younger age into one of two early weaning (EW) diet treatments. Early weaning diet treatments differed only in amounts of RDP (Table 1) provided in their diets. Heifer calves assigned to EW treatments received one of the following diets: (1) 33:67 forage: concentrate diet containing 17.5% crude protein (CP; 69% RDP) and 3.43 MJ/kg net energy for maintenance (NEm; EW-69; n ¼162); or (2) 33:67 forage: concentrate diet containing 17.5% CP (57% RDP) and 3.51 MJ/kg NEm (EW-57; n ¼162). Heifer calves were allocated to 2 pens (JG approx. 27/pen) or 3 pens (LARRL approx. 18/pen) within each EW diet treatment, with diets fed ad libitum and adjusted daily by previous day's intake. Heifer BW was Blood samples were collected via coccygeal venipuncture at 9-to 11-d intervals beginning approximately 11.5 months (345 d) of age and ending approximately 14 months (420 d) of age. Serum concentrations of progesterone were used as an indicator of pubertal status (i.e. luteal activity). Concentrations of progesterone in serum samples were determined directly without extraction by solidphase RIA (Coat-a-Count kit; Diagnostic Products Corp., Los Angeles, CA, 90045 USA) as reported previously . Intra-and interassay CV were 6.87% and 2.03%, respectively, and assay sensitivity was 0.08 ng/mL. Pubertal status was defined as the first week that serum progesterone concentration exceeded 1.0 ng/ mL. Serum samples collected in the last 30 d of the development period in each year were composited by heifer for determination of blood metabolite concentrations (glucose, insulin, NEFA, and urea N). Interpretation of serum metabolite concentrations in response to treatment application was used to provide insight explaining nutritional factors affecting variability in BW and reproductive measures.
Heifers received a single injection of PGF 2a (25 mg i.m.; ProstaMate, Teva Animal Health, Saint Joseph, MO, 64507 USA) on d 7 (May 29, 2006 and May 29, 2007) of an 11-d AI breeding period during which only heifers detected in estrus were inseminated. Ovaries of all heifers receiving AI were examined by transrectal ultrasonography using an Aloka 500V ultrasound with a 7.5 MHz linear probe (Aloka, Wallingford, CT, USA) to characterize follicle size at insemination $ 12 h after onset of estrus. In brief, all follicles Z8 mm in diameter were recorded. Follicle size was determined by averaging follicular diameter at the widest point and perpendicular to the first measurement using the internal calipers on the Aloka 500V (Perry et al., 2007) . After AI, heifers were comingled in a single pasture and exposed to bulls 10-14 d after AI for a 50-d breeding season. Heifers were evaluated for pregnancy by transrectal ultrasonography using a 5-MHz transducer ( pregnancy diagnosis were used to calculate AI and breeding season pregnancy rates. In experiment 2, heifer calves located at JG (2005), were brought into a single lot for the duration of the development period which began 18 d after normal weaning. Heifers were fed ad-libitum a total mixed ration which included 14.1% rolled barley, 32.3% barley grain hay, 10.6% triticale silage, 9.8% wheat straw, 7.9% wheat middling meal and 1% growers supplement. The amount fed each day was adjusted according to previous day's intake. Diet nutrient composition was 75.7% dry matter (DM), 67.5% total digestible nutrients (TDN), 11.6% CP (31% RDP, as a percent of CP), 7.28 MJ/kg NEm, and 3.93 MJ/kg for net energy of gain (NEg). A single BW measure was recorded at the initiation (October 27, 2005) (April 23, 2006) and artificially inseminated approximately 12 h after onset of estrus. After AI, heifers were relocated to a single pasture and exposed to bulls 10-14 d after AI for the remainder of a 50-d breeding season. Heifers were evaluated for pregnancy by transrectal ultrasonography using a 5-MHz transducer (Aloka, Wallingford, CT, USA) on August 8, 2006. Date of AI and age of fetus at pregnancy diagnosis were used to calculate AI and breeding season pregnancy rates.
Statistical analysis
Early weaning
Heifer weaning treatment performance and metabolite data were analyzed using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC, USA) with a model that included weaning treatment (NW, EW-69, and EW-57) with pen (JG) or pen within year (LARRL) included in the RANDOM statement. Covariates used included average daily gain (ADG) from birth to time of early weaning. Two preplanned single degree of freedom estimates were constructed to separate least squares means due to weaning treatment: (1) NW vs. EW to evaluate dietary influences between weaning treatments; and (2) EW-69 vs. EW-57 to evaluate early weaning diets differing in the proportions of RDP. Tukey-Kramer adjusted least squares means was computed and a significance level was set at Pr0.05.
Heifer development
Heifer performance, metabolite data, and dominant ovulatory follicle size at time of AI for the development period were analyzed for LARRL heifers using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC) with a model that included weaning treatment (NW, EW-69, and EW-57) and heifer development treatment (HD-83 and HD-72) along with their interaction. The RANDOM statement of SAS was used and included pen within year. Covariates used included ADG from parturition to time of EW. Two preplanned single degree of freedom estimates were constructed to separate least squares means due to weaning treatment: (1) NW vs. EW to evaluate dietary influences between weaning treatments; and (2) EW-69 vs. EW-57 to evaluate early weaning diets differing only in the proportions of RDP. Tukey-Kramer adjusted least squares means was computed and a significance level was set at Pr0.05. No weaning treatment Â heifer development treatment was observed P40.19 therefore, only main effects are presented.
Estrous response, AI conception rate, and pregnancy rate for LARRL heifers was evaluated using PROC LOGISTIC (SAS Inst. Inc., Cary, NC) with a model that included weaning treatment (NW, EW-69, and EW-57), heifer development treatment (HD-83 and HD-72) along with their interaction. Tukey-Kramer adjusted least squares means was computed and a significance level was set at Pr0.10. No weaning treatment Â heifer development treatment was observed P40.10 therefore, only main effects are presented.
Heifer performance data collected during the development period at JG were analyzed using the MIXED procedure in SAS (SAS Inst. Inc., Cary, NC) with a model that included weaning treatment (NW, EW-69, and EW-57). Covariates used included ADG from birth to time of early weaning. Tukey-Kramer adjusted least squares means were used to compare differences between significant variables at Pr0.05.
Estrous response, AI conception rate, and pregnancy rate for the JG heifers was evaluated using PROC LOGISTIC (SAS Inst. Inc., Cary, NC) with a model that included weaning treatment (NW, EW-69, and EW-57). Tukey-Kramer adjusted least squares means were computed and a significance level was set at Pr0.10.
Results
Early weaning
3.1.1. LARRL Average age of heifers at LARRL at time of early weaning were similar (P¼0.45; Table 3 ). Birth BW of heifer calves were also similar (P¼0.98) between weaning treatment. Daily gain of heifers from birth to early weaning were similar (P¼0.32) among weaning treatments. Initial BW at time of early weaning for heifer calves were similar for weaning treatment (P¼0.69). However, difference in ending BW were realized (P¼ 0.07) with EW heifers weighing greater than NW heifers (P¼0.02). This change in BW over the 133-d period from time of early weaning to normal weaning resulted in EW heifers gaining 14 kg more than NW heifers (P¼0.01).
Serum metabolite concentrations at time of early weaning were similar for LARRL heifers [glucose (P¼0.91), insulin (P¼0.49), NEFA (P¼0.53), and Urea N (P¼0.77); Table 4 ]. Serum glucose and NEFA concentrations were also similar after the 133-d period (P¼0.70 and P ¼0.18, respectively). However, insulin concentrations were lesser for NW heifers compared to EW heifers (P ¼0.04) and EW heifers receiving EW-69 had a tendency to have lower insulin concentrations than EW-57 heifers (P¼0.09).
Similarly, urea N concentrations were lesser for NW heifers compared to EW heifers (Po0.01) regardless of early weaning treatment. There was a tendency (P¼0.09) for serum insulin concentrations for NW increase lesser over the 133-d period (normal-early weaning) than both EW-69 and EW-57 and EW-69 to increased lesser than EW-57. However, changes in urea N concentrations decreased (Po0.01) for NW heifers whereas EW-69 and EW-57 concentrations increased.
JG
Average age of heifers at JG at time of early weaning were similar (P¼0.79; Table 5 ). Birth BW of heifer calves were also similar (P¼0.72) for weaning treatment. Daily gain of heifers from birth to time of early weaning were similar (P¼0.50) among heifer weaning treatments. Initial on test BW for heifer calves were similar for weaning treatment (P¼0.91). However, difference in ending BW was realized (P¼0.05) with NW heifers weighting lesser than EW heifers (P¼0.02). The change in BW over the 133-d period from time of early weaning to normal weaning resulted in EW heifers gaining 13 kg more than NW heifers (P¼0.02).
Serum metabolite concentrations at time of early weaning were similar for JG heifers [glucose (P¼0.35), insulin (P¼0.79), NEFA (P¼ 0.83), and urea N (P¼0.58); Table 6 ]. Serum glucose and insulin concentrations were also similar after the 133-d period (P¼0.33 and P¼0.11, respectively). However, NEFA concentrations were greater for EW-69 heifers compared to EW-57 heifers (Po0.01). Concentrations for urea N were lesser for NW heifers compared to EW heifers (Po0.01). Changes in serum NEFA concentrations for EW-69 increased whereas EW-57 heifers decreased over the 133-d period (Po0.01). Changes in urea N concentrations increased lesser (Po0.01) for NW heifers than either EW-69 and EW-57 heifers.
Heifer development
3.2.1. Experiment 1 Heifers had similar BW at the inception and termination of the heifer development period (P¼ 0.73 and P¼0.79, respectively) regardless of heifer development treatment and had similar BW changes throughout the developmental period (P¼0.92; Table 7 ). However, heifers that received early weaning treatments started and ended the heifer development period weighing more (Po0.01) and NW heifers gained more BW throughout the development period (Po0.01) compared to heifers that were early weaned.
Serum metabolites measured at the initiation of heifer development were similar for glucose (P¼0.94), insulin (P¼0.92), NEFA (P¼0.57), and urea N (P¼0.32) regardless of heifer development treatment (Table 7) . Differences in serum metabolites were measured depending on early weaning treatment. Heifers that received the NW treatment had lesser concentrations of serum glucose (Po0.01), insulin (Po0.01), and urea N (Po0.01) while serum NEFA Table 8 ). However, from d 39 to d 2 before breeding heifers that had received EW treatments had a greater percentage of pubertal heifers than NW heifers (Po0.06). Dominant ovulatory follicle measured approximately 12 h following the onset of estrus was not influenced by weaning treatment (P¼0.93) or heifer development treatment (P ¼0.82). Estrous response to AI, AI conception rate, AI pregnancy rate, and breeding season pregnancy rate were not affected by weaning or heifer development treatments (P40.10).
Experiment 2
Early weaning treatments had no influence on initial BW (P¼ 0.18), final BW (P¼0.35), or BW change (P¼0.48) during the heifer development period (Table 9) . Estrous response to AI (P¼0.30), AI conception rate (P¼0.14), and AI pregnancy rates (P¼0.25) were not influenced by experimental treatments. Conception rate of EW-69 heifers tended to be greater (P¼0.09) than conception rate of EW-57 heifers. Final breeding season pregnancy rates were greater (P¼0.03) for EW compared to NW treated heifers and greater (Po0.01) for EW-69 then EW-57 heifers.
Discussion
Early weaning
Average daily gain from birth to time of early weaning was similar for heifers within each study location (LARRL and JG, respectively). This research suggests that ADG from birth to weaning may be influenced by season of birth where heifers calves born in late winter and dams are not able to graze green forage during the early postpartum have restricted calf gains compared to heifer calves born in early spring when there is a greater opportunity for their dam to consume succulent green vegetation. Studies have documented the importance of dam milk yield on subsequent calf gain (Neville, 1962; Robison et al., 1978; Rutledge et al., 1971 ). Heifer calves from both studies responded similarly to early weaning treatments. Heifers that were early weaned and received diets higher in TDN and CP (regardless of protein source) gained more weight than their cohorts that remained on their dams throughout the 133-d period leading up to time of normal weaning. Body weight measurements agree with previous reports that early weaned calves weighed more than calves weaned at the time of normal weaning (Barker-Neef et al., 2001; Blanco et al., 2009; Myers et al., 1999; Neville and McCormick, 1981) . Differences in heifers BW at normal weaning may also be influenced by interannual changes in vegetation quality due to environmental conditions (Waterman et al., 2007; Waterman et al., in press ). This helps to explain differences in BW at normal weaning when more than one geographical location is evaluated. Lusby et al. (1981) observed similar gains between normal weaned calves and early weaned calves that were not exposed to seasonal diet quality changes or with use of harvested feeds in confinement. They also observed a 20 kg reduction in BW at time of normal weaning (i.e., 7 months) for early weaned calves grown on pasture with creep-feed rather than fed harvested feeds in confinement. These authors concluded that weaning onto pasture with supplemental creep feed requires that pastures be of high quality if performance is to be equal to that of a complete confinement ration. Early weaning diets in the present study were formulated to provide equal amounts of CP, but differ slightly in site of protein digestion (rumen vs. abomasum). Form of supplemental protein did not influence BW measurements suggesting that metabolizable protein reaching the small intestine was sufficient in each of the early weaning diets. Serum metabolites at early and normal weaning were evaluated to help explain potential differences in basal metabolic status and if weaning treatments may cause any subsequent fertility differences during subsequent heifer development. Serum metabolite results showed similarities between heifer calves at time of early weaning. Differences in serum metabolites were measured at the end of the 133-d period at time of normal weaning. Heifers at LARRL that received EW-69 and EW-57 both had elevated serum insulin concentrations with EW-57 heifers, or heifers receiving the greater quantity of rumen undegradable protein, having the greatest concentration. Hunter and Magner (1988) report that diets greater in rumen undegradable protein may stimulate insulin secretion due to continual flow of protein for absorption in the small intestine. These results also agree with previous studies where ruminal undegradable protein was offered (Lalman et al., 1993; Sletmoen-Olson et al., 2000; Waterman et al., 2006; Wiley et al., 1991) . However, the response to insulin was not observed for heifers at the JG location. Kane et al. (2004) reports that insulin response to rumen undegradable protein may be influenced by environment and duration that rumen undegradable protein is offered. In addition, the responses of serum NEFA concentrations at the end of the 133-d period ending at normal weaning differed between heifers at LARRL and JG. Serum NEFA concentrations were similar for heifers at LARRL whereas; heifers at JG that received EW-69 had greater NEFA concentrations than EW-57 heifers. These differences in NEFA concentrations most likely are contributed to environment and potentially genetic differences between these herds. Despite the aforementioned dissimilarities heifers at both locations that received the early weaning treatments had greater urea N concentrations than their normal weaned cohorts.
Heifer development
Development of heifers to calve by 24 months of age not only necessitates that proper BW must be achieved but the reproductive process must also be active by no later than 15 months of age. In experiment 1, studies conducted at LARRL evaluated the development of heifers that received weaning treatments (NW, EW-69 or EW-57) and subsequently assigned heifer development treatments (HD-83 and HD-72) on BW, serum metabolites and reproductive performance.
Heifer BW during the heifer development period was not influenced by type of protein delivered in experimental diets but was consistently reflective of early weaning treatments with heifers that were early weaning continually being heavier at LARRL. However, heifers that received the normal weaning treatment at LARRL did gain more BW throughout the heifer development period but still came short of obtaining equal weights to cohorts that received the early weaning treatment. Body weights for JG heifers were similar regardless of weaning treatment.
Serum progesterone concentrations were used to evaluate the number of heifers that had obtained puberty before the start of breeding and prior to PGF 2a administration of the breeding synchronization protocol. Heifers that received EW weaning treatments consistently had a greater number of heifers pubertal beginning 39 d prior to the start of breeding. However, AI pregnancy rates were similar regardless of weaning or heifer development treatment at LARRL. Overall breeding season rates were also similar at LARRL for heifers that were early weaned. Roberts et al. (2009) reported that heifers with greater average daily gain from birth to 8 months of age had improved AI pregnancy rates. Results from the present study found similar ADG from birth to time of early weaning (2.5 months of age) for heifers at LARRL and JG. Although we observed a greater percentage of heifers that achieved puberty prior to AI in EW treated heifers, an improvement in AI pregnancy rates was not realized. However, heifers at JG that had received the early weaning treatment had a greater percentage pregnant at the end of the breeding season compared to normal weaned heifers.
In conclusion, changes were observed for BW and serum metabolites for early weaning and heifer development portions of this study. Heifer BW at normal weaning was improved using early weaning strategies without any detrimental effect on reproductive measures for heifers. This study demonstrates that both early and normal weaned heifers can be developed and bred in extensive beef production systems in the Northern Great Plains with similar outcomes. This data agrees with that of Clanton et al. (1983) and Grings et al. (2007) , but disagrees with that of Roberts et al. (2009) in that timing of BW gain had no effect on reproductive performance. Therefore, weaning heifer calves early in times when forage availability is limiting or conditions when young cows are overstressed due to lactation, climatic or nutritional circumstances will not negatively impact the opportunity to retain replacement females.
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